Salmonella is recognized as one of the most important foodborne bacteria and has wide health and socioeconomic impacts worldwide. Fresh pork meat is one of the main sources of Salmonella, and efficient and fast methods for detection are therefore necessary. Current methods for Salmonella detection in fresh meat usually include Ͼ16 h of culture enrichment, in a few cases Ͻ12 h, thus requiring at least two working shifts. Here, we report a rapid (Ͻ5 h) and high-throughput method for screening of Salmonella in samples from fresh pork meat, consisting of a 3-h enrichment in standard buffered peptone water and a real-time PCR-compatible sample preparation method based on filtration, centrifugation, and enzymatic digestion, followed by fast-cycling real-time PCR detection. The method was validated in an unpaired comparative study against the Nordic Committee on Food Analysis (NMKL) reference culture method 187. Pork meat samples (n ϭ 140) were either artificially contaminated with Salmonella at 0, 1 to 10, or 10 to 100 CFU/25 g of meat or naturally contaminated. Cohen's kappa for the degree of agreement between the rapid method and the reference was 0.64, and the relative accuracy, sensitivity, and specificity for the rapid method were 81.4, 95.1, and 97.9%, respectively. The 50% limit of detections (LOD 50 s) were 8.8 CFU/25 g for the rapid method and 7.7 CFU/25 g for the reference method. Implementation of this method will enable faster release of Salmonella low-risk meat, providing savings for meat producers, and it will help contribute to improved food safety. IMPORTANCE While the cost of analysis and hands-on time of the presented rapid method were comparable to those of reference culture methods, the fast product release by this method can provide the meat industry with a competitive advantage. Not only will the abattoirs save costs for work hours and cold storage, but consumers and retailers will also benefit from fresher meat with a longer shelf life. Furthermore, the presented sample preparation might be adjusted for application in the detection of other pathogenic bacteria in different sample types.
To ensure faster release, rapid methods intended for use at abattoirs must be sensitive, robust, noncomplex, low-cost, and, last but not least, amendable to high throughput (5, 6) . Rather than there being a lack of fast detection technologies, lack of user-friendly and noncomplex preanalytical methods is the major bottleneck of rapid testing. In addition, the time to result for the fastest same-day method (7) requires a two-shift laboratory staff. Although rapid and sensitive detection technologies have been reported for the detection of Salmonella, these are mostly limited due to the complexity of the sample preparation. Some methods require multiple washing and centrifugation steps (8) , while others are based on advanced filtration systems (9) . To our knowledge, there is no publication of a same-shift, sensitive, and highthroughput method specific for the detection of Salmonella in fresh meat. We previously validated a same-day high-throughput PCR method developed for routine use at abattoirs (10) . The method, however, requires 12 h of enrichment, corresponding to two working shifts. The requirement for two working shifts is also true for commercial methods, e.g., the fast raw meat protocol iQ-Check Salmonella II (Bio-Rad). With iQ-Check, as well as similar commercial kits (e.g., GeneDisc; Pall Corporation), the detection time for meat samples can be 9 to 10 h. The present study aimed at developing an even faster method, enabling abattoirs to release meat within one working shift, thus extending the shelf-life of fresh meat in the distribution chain and reducing cost of storage ( Fig. 1) .
In industrialized countries, meat samples, if contaminated, often harbor very low numbers of Salmonella (11, 12) ; therefore, an enrichment step is an inevitable part of molecular detection methods. Ideally, this enrichment should maximize the number of Salmonella organisms while limiting the background flora. In addition, as Salmonella in meat is often injured from the chilling process, the international standards recommend a two-step enrichment procedure, where the first nonselective preenrichment step is followed by a selective enrichment step. Several attempts to reduce the enrichment time have been reported (13) (14) (15) (16) . Studies in which shortening of the 16-to 20-h reference enrichment time was investigated reported that at least 8 h of incubation was required for meat samples (15, 16) , while a 3-h incubation resulted in the detection of Salmonella in highly contaminated oysters (17) . Omitting the time-consuming enrich-ment step would therefore be optimal, and several direct detection methods have also been published (9, (18) (19) (20) . However, most of these methods are complex, not high throughput, and have detection limits of Ͼ50 CFU/25 g, i.e., above the reported levels of Salmonella in meat (12) . Moreover, the legislative demand of absence of 1 CFU/25 g (21) cannot currently be met by the available direct detection technologies, making some sort of short-culture enrichment step necessary.
PCR is a rapid, sensitive, and very specific detection technology. However, when applying PCR-based detection, the whole chain of analysis must be optimized for this, including sampling, sample preparation, and composition of the PCR master mix (22) . At abattoirs and meat-cutting plants, relevant sample matrices include carcass swabs, meat cuts, and meat juice (2) . These samples are challenging for rapid PCR-based detection, as certain PCR inhibitors are expected and have to be removed prior to detection, e.g., heme from blood (23), myoglobin from tissue (24) , and fat (25) . PCR inhibition can be relieved by using a DNA polymerase more tolerant to inhibitors (26) or by adding PCR facilitators to the PCR master mix (27) , but often a combination with a sample preparation step is needed in order to generate a PCR-compatible sample. Studies have shown that PCR inhibitors can be reduced by physical, biochemical, immunological, and physiological sample preparation methods. These include flotation (18) , filtration (9, 20) , adsorption and addition of surfactants (19) , enzymatic digestion (9), DNA extraction (28) , and enrichment in a PCR-compatible medium (15) , all of which were considered when designing the described rapid method.
The present study describes the development and comparative validation of the first PCR-based method for detection of Salmonella in pork meat in less than 5 h, with comparable sensitivity to current reference culture methods.
RESULTS
Method development. (i) Preenrichment conditions. Changing various parameters for the enrichment step showed that preheating of the buffered peptone water (BPW) to 45°C and incubation at 41.5°C led to a smaller initial temperature decrease (45°C Ϯ 1.0°C to 23.0 Ϯ 0.9°C versus 37°C Ϯ 1.0°C to 21.2 Ϯ 1.0°C, respectively) when adding it to the 4°C cold meat (Table 1) . Furthermore, a higher BPW temperature (38.6°C versus 32.3°C) was obtained after the 3-h incubation step for the largest sample size tested (10 samples at 25 cm 2 [i.e., 10 by 25 cm 2 ]). This resulted in a significant increase in Salmonella growth of 1.7 log CFU/ml (95% confidence interval [CI], 1.5 to 1.9 CFU/ml) 0.7 log CFU/ml (95% CI, 0.6 to 0.8 CFU/ml) for BPW preheating/incubation temperatures of 45°C/41.5°C and 37°C/37°C, respectively. As both the initial temperature decrease and the final BPW temperature were optimal with smaller sample size in larger volumes of BPW, the final sample size for the rapid method was set to 25 g and incubation conditions to 3 h at 41.5°C in 60 ml of BPW preheated to 45°C.
(ii) Filter pore size. Filter bags with four different pore sizes were tested for their efficiency to filter the sample liquid ( Table 2 ). The smallest pore size (63 m) was found to retain too much liquid, as fat and proteins from the meat clogged the pores, leading to a low recovery of the added liquid. The largest pore size tested (500 m) allowed too much meat debris to pass through the filter. A comparison of the four filters showed that they did not yield significantly different numbers of Salmonella per milliliter of filtrate, but the 63-m-pore size resulted in a significantly lower number of total Salmonella organisms, as the extract volume was considerably lower. In a comparison of the real-time PCR results from the samples filtered through 280-m-or Ͻ250-mpore-size filters, no statistically significant difference was found, although a pore size of 280 m generally resulted in lower threshold cycle (C T ) values and thus potentially a better detection limit than the Ͻ250-m-pore filter (data not shown). The pore size of 280 m was selected for the rapid method.
(iii) Selective removal of meat matrix. To reduce the PCR inhibitory effect of the meat, different enzymes and bile products were tested for their ability to degrade and remove the meat proteins and fat. The goal was to obtain a pellet that could subsequently be used in downstream analysis with only a simple DNA extraction by boiling. The MolYsis kit was excluded from these tests based on the results from an initial screening (data not shown), where treatment with the MolYsis kit followed by lysis by boiling resulted in higher C T values (i.e., poorer detection limit). Furthermore, a lower number of positive samples was found using the MolYsis kit than with lysis by boiling. As shown in Fig. 2 , treatment with bile salts, trypsin, ox bile, and the alkaline protease prior to DNA extraction all resulted in decreased C T values compared to those with the control. Treatment with bile salts did not generate C T values significantly different from the control, whereas treatment with trypsin, ox bile, and protease did. Among the tested reagents, the protease treatment was found to generate the lowest C T values.
(iv) Manual handling. To reduce the time and manual labor for sample treatment and to improve PCR performance, different procedures for handling the meat samples before enrichment were investigated. The results showed that the recovery of Salmonella was not significantly affected by the level of handling ( Fig. 3A ). However, a significant improvement in C T values was observed when reducing the level of handling from 30 s of shaking to minimal handling that includes gently separating the meat pieces by hand prior to enrichment ( Fig. 3B ).
(v) Comparative validation study. A comparative study was performed on artificially and naturally contaminated meat samples representing different types of pork cuts ( Table 3 ). The relative specificity of the rapid method was 100%, as neither method generated false-positive results from Salmonella-negative samples. In an analysis of artificially contaminated meat with a low level of Salmonella (1 to 10 CFU), one sample of tenderloin was found to be false positive for Salmonella, according to the NordVal definition, which affected the specificity for this sample type. However, subsequent culture confirmed the result of the rapid method. The relative sensitivity, on the other hand, was affected by samples that were false negative according to the NordVal definition, but culturing confirmed these samples to be true negative. For artificially contaminated meat with high levels of Salmonella (i.e., 10 to 100 CFU), the reference method and the rapid method both detected Salmonella in all samples.
For the naturally contaminated meat samples with paired homogenization, the reference method and the rapid method gave the same number of positive samples but not always on the same samples (data not shown). The confirmation of the negative samples analyzed with the rapid method indicated that this was due to uneven distribution of Salmonella; only one discrepancy between the rapid method and confirmation was observed. In another test round, where the naturally contaminated meat samples were pooled for homogenization and then divided into paired samples, all tested samples were positive for Salmonella with both methods. The LOD 50 s for the rapid method and the NMKL 187 reference method were found to be 8.8 and 7.7 CFU/sample, respectively.
DISCUSSION
In this study, a rapid method for the detection of Salmonella in pork meat in less than 5 h was developed and validated. To shorten the time of analysis, culture enrichment was initially avoided, and instead, physical and biochemical processes were examined to concentrate Salmonella in the sample and remove the meat matrix. Direct detection without culture enrichment has previously been reported using flotation (18, 29) or filtration (9, 20) . However, these methods are either too laborious to be applicable in a routine laboratory or have too high of a detection limit to meet the legislative demands of 1 CFU/25 g of meat. In the present study, it was found that even with the filtration and removal of meat proteins by enzymatic digestion, the targeted number of Salmonella cells was too low to detect without culture enrichment (data not shown). An enrichment step, although short, was therefore needed.
An early study by Bej et al. indicated that 3-h nonselective enrichment in preheated BPW resulted in robust detection of Salmonella in oysters, although in that study, the detection limit was 1 to 10 CFU/g (17) , whereas the present study could detect 1 to 10 CFU in 25-g samples. To our knowledge, this is the first publication on the use of elevated incubation temperatures in combination with a shortened enrichment time for the detection of Salmonella in meat. Other studies using short enrichments have found the lowest incubation time for meat samples intended for detection with PCR to be a minimum of 8 h (15, 16) , but none of these avoided the initial temperature decrease of the enrichment broth, which was found to have a significant effect on the growth of Salmonella in the present study.
Inclusion of a culture enrichment step allowed for confirmation of not only the presence, but also the viability, of Salmonella. The enrichment step also meant that less manual handling of the meat was required, which was found to have a significantly positive effect on the PCR, with lower and less varied C T values. The minimal handling of samples was introduced after observing that 30 s of shaking released PCR inhibitory meat components into the BPW. These findings are in agreement with those of a previous study (30) reporting that untreated and hand-massaged samples led to higher PCR detection frequencies than those of samples that had been stomached. Minimal handling was also favorable with regard to implementation of the rapid method in a high-throughput routine laboratory. The use of enzymes and bile products for selective removal of interacting sample material has previously been reported (28, 31) . Although those studies were based on samples of whole blood, the challenges are similar to those of the present study, i.e., high levels of PCR inhibitors and very low concentration of the targeted pathogen. It was reported that the MolYsis basic kit combined with selective DNA extraction could improve the detection limit for Staphylococcus aureus in blood samples (28) . However, the combination of the MolYsis kit and boiling lysis applied in the present study resulted in poorer C T values and a lower number of detected samples than those with lysis by boiling alone (data not shown). As the samples used for testing the efficiency of the MolYsis kit were artificially contaminated with 10 3 CFU/25 g of sample, the poor results obtained could reflect a major loss of bacterial cells during treatment or reduced the usefulness of the kit for Gram-negative bacteria, as suggested by Horz et al. (32) . It was shown in the present study that ox bile, but not bile salts, could be an alternative to enzymatic digestion. In a study by Zhou and Pollard (31) , ox bile treatment in combination with a micrococcal nuclease was applied in selective removal of human DNA in blood samples infected with Salmonella enterica serovar Typhi, and DNA subsequently was extracted by the QIAamp DNA minikit, resulting in improved PCR sensitivity. The present study also tested the use of micrococcal nuclease in combination with enzymes or bile products, but it resulted in poorer C T values or no amplification (data not shown). This difference in results could be caused by the different DNA extraction methods applied. The simple boiling lysis applied in the present study would not have removed leftover bile, resulting in PCR inhibition. The results from the present study showed that the protease could replace more expensive reagents for removal of the meat matrix and reduction of PCR inhibition. To our knowledge, the tested protease has not previously been used for this purpose, although other proteases have been used similarly to degrade the meat matrix (9, 33 ). An earlier generation of the protease was used to degrade gelatin filters used in air sampling (34) , prior to PCR analysis, and the enzyme could also prove useful in PCR-compatible sample preparation for other protein-based matrices.
Challenges due to uneven distribution of Salmonella in the samples were encountered when testing naturally contaminated meat. Before dividing the samples for testing with the rapid or reference method, the meat was cut in smaller pieces and mixed. However, this homogenization was insufficient to produce two equally contaminated samples, affecting the agreement between the methods. This is in accordance with the findings of Jensen et al. (35) , where differences in the results from two methods used to analyze naturally contaminated samples were related to very low and unevenly distributed Salmonella contamination, even after thorough homogenization. In the study by Josefsen et al. (15) , this problem was solved by using the same sample enrichment for both the PCR test and the NMKL culture reference method. The same approach was not possible in the present study, due to differences in enrichment conditions. This issue is foreseen in the revised ISO 16140-2:2016 protocol, where unpaired validation is allowed (36) . In the present study, this issue was addressed by confirming all negative results with the rapid method by culture, according to the reference method. By this approach, all but one sample was found to be true negative. For artificially contaminated samples, the agreement between the rapid method and the reference method was generally higher than that observed for naturally contaminated samples. Due to the well-known difficulties with artificial contamination at low levels (37) , subsequent confirmation by culture was needed, which showed that the negative samples were true negatives. However, the NordVal definitions were applied, which declared the samples to be false negatives, thus influencing the relative accuracy, relative sensitivity, relative specificity, and Cohen's kappa for the artificially contaminated samples, which would otherwise have been 98.7%, 102.6%, 97.2%, and 0.97, respectively.
The rapid method developed and validated in this study was designed for single 25-g meat samples. Studies are in progress to evaluate the suitability of the method for five or even 10 composite samples. Sample compositing is a way to improve throughput, although the sensitivity can be impaired due to target dilution (38) . Furthermore, efforts are being put into optimizing the various handling steps, rendering the method even more applicable for a high sample throughput. The sample matrix in this study was different cuts of raw pork meat, but the method might also be adapted to other sample types. As with the reference culture method, which has different preenrichment specifications for certain foods (3), a similar approach might be suitable for this rapid method. All included sample preparation steps (enrichment media, enzyme treatment, and DNA extraction) are nonselective for Salmonella. Therefore, the protocol might be adjusted for application to other pathogenic bacteria, or even coupled with metagenomics.
In conclusion, the rapid method developed in this study showed good agreement with the reference culture method NMKL 187, with comparable LODs. Studies are planned for international validation according to the revised ISO 16140-2:2016 protocol (36) . The presented rapid method may have the potential for detection of other pathogens and other sample types and have a relatively high throughput compared to other reported rapid methods for the detection of Salmonella in meat. The presented method enables abattoirs to achieve faster market release of fresh meat with longer shelf-life and less cold storage.
MATERIALS AND METHODS
Sample material. Salmonella-negative pork meat (loin cut with rind, tenderloin, and shoulder cut) was obtained from local supermarkets, while meat from pig carcasses naturally contaminated with Salmonella was provided by Danish meat producers.
Bacterial strains and preparation of inoculum. Salmonella strains (S. enterica serovar Typhimurium DT 193 [DMRI 4984 PX], S. enterica serovar Dublin [DMRI 4983 PX], and S. enterica serovar Derby [DMRI 4985 PX]) were obtained from the Danish Technological Institute, DMRI (Høje Taastrup, Denmark) and stored in Protect multipurpose microorganism preservation system (Technical Service Consultants Ltd., Lancashire, UK) containing 20% glycerol as a cryo-protectant. Strains were revived on tryptone soy agar with sheep blood (TSASB; Oxoid Microbiology Products, Thermo Fisher Scientific) and isolated on xylose lysine deoxycholate (XLD) agar (Oxoid). The inoculation culture was prepared by transferring 3 to 4 colonies of each of the Salmonella strains into a separate tube containing 4 ml of nutrient broth (8.5 g of sodium chloride [catalog no. A1371,9025; AppliChem], 20 g of nutrient broth [catalog no. 234000; Becton Dickinson], and 1 liter of demineralized water [pH 6.6 to 7.0]) and then incubated at 37.0 Ϯ 1.0°C for 1 to 2 h without shaking. The final inoculum used for artificial contamination was prepared by mixing the three cultures using equal volumes of each strain. This final inoculum was stored at 2 to 5°C, while enumeration was performed by plating 10-fold dilution series in sterile saline (0.9% NaCl) on TSASB plates (Oxoid), with subsequent incubation at 37.0 Ϯ 1.0°C for 18 Ϯ 2 h.
Artificial contamination. To confirm that meat used for artificial contamination experiments was not naturally contaminated with Salmonella, a 25-g portion was analyzed using a validated real-time PCR method (10) . Pork meat samples were cut using sterile scalpels, transferred to sterile filter bags (BagPage model ϩ; Interscience), and inoculated with droplets (approximately 10 l) of diluted final inoculum directly on the meat. The inoculated meat was stored overnight at 2 to 5°C to simulate the cold stressed conditions encountered during cooling and cold storage in the pork production line.
Method development. In order to develop the most rapid method, several steps, where optimization was feasible, were identified, including enrichment, sample preparation, and real-time PCR conditions. Experiments for optimization of the method were performed on artificially contaminated pork meat (loin cut with rind, tenderloin, and shoulder cut). Unless otherwise stated, three biological replicates and two PCR replicates per biological replicate were used per variable.
Enrichment conditions. In the initial experiments, 3 and 4 h of enrichment were evaluated. This enrichment was optimized by changing the temperature of the enrichment medium and incubator. The results were evaluated by determining the differences in lag phase and generation time of Salmonella. Combinations of different meat sample sizes (1 by 25 cm 2 to 10 by 25 cm 2 , corresponding to 11 to 168 g) and 30 to 100 ml of buffered peptone water (BPW; Oxoid) were incubated at 37.0 to 41.5 Ϯ 1.0°C with the BPW preheated to 37.0 or 45.0 Ϯ 1.0°C. The temperature of the enrichment medium was monitored using an Almemo 2290-8 Thermologger (Erich Blichfeld A/S, Kolding, Denmark), with the probes inserted into two noninoculated process controls.
Sample preparation. (i) Filter pore size. Stomacher bags with internal filter walls (filter bags) were used to separate the inoculated media from the larger meat pieces. Smaller pore sizes were expected to retain more fat and meat debris while allowing the bacteria to be collected in the filtrate, thus improving the detection. The filter bags evaluated for the enrichment were Seward (pore size, 500 m; Seward Ltd., Worthing, UK), BagPage model ϩ (pore size, 280 m; Interscience, Saint Nom, France), BagPage model R (pore size, Ͻ250 m; Interscience), and BagPage model F (pore size, 63 m; Interscience). The effects of pore size on the recovery of Salmonella in saline (0.9%) were evaluated using 5 by 25-cm 2 -thin slices (thickness, approximately 5 mm) of artificially contaminated meat.
(ii) Selective removal of meat matrix. For selective removal of meat components, the following reagents were tested: protease (FoodPro alkaline protease, 0.6 U/g; Danisco), trypsin (from porcine pancreas, approximately 1.5 U/g; Sigma), bile salt (50% sodium cholate, 50% sodium deoxycholate; Sigma), ox bile (bile bovine; Fluka), and the MolYsis Basic 5 bacterial DNA enrichment kit (Molzym, Bremen, Germany). The enzymes (protease and trypsin) were tested as described in "Removal of meat components" below. For ox bile and bile salt, the 1-ml suspensions of pellet (obtained from the centrifuged enrichment filtrate resuspended in phosphate-buffered saline [PBS], autoclaved, containing 0.31 g of potassium di-hydrogen phosphate [catalog no. 1.04873; Merck], 2.77 g of di-sodium hydrogen phosphate-12-hydrate [catalog no. 0304; J. T. Baker], 8.15 g of sodium chloride [catalog no. A1371,9025; AppliChem], and 1 liter of Milli-Q water) were divided equally into two Eppendorf tubes, and to the contents of each of these tubes was added 500 l of ox bile (0.5 g suspended in 5 ml of sterile water) or bile salt (86 mg suspended in 5 ml of sterile water) solution, which was then thoroughly mixed and incubated at 37.0 Ϯ 1.0°C for 10 min. The tubes were centrifuged at 3,000 ϫ g and the supernatant discarded before adding 500 l of PBS to each tube. The content of the two tubes was collected in one tube and centrifuged at 3,000 ϫ g, discarding the supernatant before adding 50 l of 1 mM Tris-HCl with 10 mM EDTA (1ϫ Tris-EDTA [TE] buffer [pH 8.0]). The bacterial cells were lysed by boiling as described in "DNA extraction," below. The MolYsis Basic 5 kit was used on the 1-ml pellet suspension transferred to a 2-ml sterile polypropylene tube. A volume of 250 l of buffer CM was added and mixed thoroughly by vortexing before incubation at 21°C Ϯ 4°C for 5 min. Subsequently, 250 l of DB1 buffer and 10 l of MolDNase B were added, and the samples were incubated at 21°C Ϯ 4°C for 15 min. Samples were then centrifuged at 3,000 ϫ g and the supernatant carefully removed by pipetting before 1 ml of RS buffer was added and the samples were vortexed again. Samples were centrifuged at 3,000 ϫ g, and the supernatant was removed. A volume of 50 l of 1ϫ TE buffer was added, and the DNA was extracted by boiling lysis, as described in "DNA extraction" below.
(iii) Manual handling. In initial experiments, the meat and enrichment media were manually homogenized by shaking the filter bags for 30 s before enrichment. However, to avoid too much handling of samples and the resulting release of meat components, a minimal handling procedure was tested. In the minimal handling procedure, the meat pieces were separated by gently massaging the outside of the filter bag, after the addition of BPW, and incubating at 37.0°C Ϯ 1.0°C for 3 h without further handling. Following the incubation, enumeration was performed by plating 10-fold dilution series in sterile saline (0.9% NaCl) on TSASB plates (Oxoid), with subsequent incubation at 37.0 Ϯ 1.0°C for 18 Ϯ 2 h and PCR results generated using the "Rapid method protocol" described below.
Real-time PCR conditions. The real-time PCR for the rapid method was based on a previously validated Salmonella PCR assay (7) , using a fast cycling thermal profile as described below.
Rapid method protocol. (i) Enrichment. BPW (Oxoid) with 0.5% Tween 20 (molecular grade; catalog no. P94 16; Sigma) was preheated to 45°C. A 60-ml volume of this preheated enrichment medium was added to meat samples consisting of 25 Ϯ 1 g of artificially inoculated or naturally contaminated meat. The meat pieces were separated by gently massaging from the outside of the bag to ensure that the entire surface of the meat was exposed to the enrichment medium. The samples were incubated at 41.5°C Ϯ 1°C for 3 h Ϯ 5 min.
(ii) Removal of meat components. Following the enrichment step, 50 ml of sample liquid was collected by pouring from the filtered side of the bag, centrifuging for 5 min at 3,000 ϫ g, and discarding the supernatant. The pellet was resuspended in 1 ml of PBS and transferred to a 1.5-ml Eppendorf tube, and 100 l of protease (FoodPro alkaline protease, 0.6 U/g; Danisco) was added. This suspension was mixed by vortexing for 20 s and incubating at 37.0°C Ϯ 1.0°C for 5 min in a heating block. This vortexing and 5-min incubation were performed twice. The suspension was centrifuged for 5 min at 3,000 ϫ g, and the supernatant was discarded by pipetting. A volume of 50 l of TE buffer (1ϫ) was added to the pellet, followed by mixing by vortexing until the pellet was fully dissolved.
(iii) DNA extraction. The pretreated samples were lysed by boiling at 98°C Ϯ 2°C for 15 min in a heating block. The samples were then centrifuged for 1 min at 3,000 ϫ g.
Real-time PCR analysis. For the specific detection of Salmonella in meat samples, a TaqMan real-time PCR method targeting a region within the ttrRSBCA locus (39) was performed on a StepOnePlus (Life Technologies) using the fast cycling option (20 s initial denaturation at 95°C and 40 cycles of 95°C for 1 s and 60°C for 20 s). Each reaction mixture contained 9 l of template DNA and 16 l of PCR master mix, prepared as previously described (15) . Fluorescence measurements (i.e., 6-carboxyfluorescein [FAM] for the Salmonella target probe and VIC for the internal amplification control [IAC] probe) were obtained online and analyzed with the StepOne software (version 2.0). The baseline was set manually for each experiment starting around cycle 5 to 6 and ending two cycles before the lowest threshold cycle (C T ) value was obtained. Based on an evaluation of multiple experiments, the threshold was assigned to 1,000 ΔRn (normalized fluorescence signal) for the Salmonella target and 300 ΔRn for the IAC. All amplification curves crossing the threshold were considered positive.
In every PCR analysis, an IAC was included in all samples to detect PCR inhibition. Furthermore, a positive DNA control (Salmonella Typhimurium in a concentration of approximately 0.005 ng), a negative DNA control (Escherichia coli in a concentration of approximately 5 ng), as well as a nontemplate control (NTC; containing only the PCR mix and 9 l of PCR-grade water) were included. Duplicate PCR analysis was performed for each biological replicate. A C T value was considered an outlier if it differed from the other replicates representing the same sample by more than 3 cycles.
